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Abstract 

A new lefthanded see-saw mechanism is constructed, implying both the smallness 
of active-neutrino masses and decoupling of heavy passive neutrinos, similarly to the 
situation in the case of conventional see-saw. But now, in place of the conventional 
righthanded neutrinos, the lefthanded sterile neutrinos play the role of heavy passive 
neutrinos, the righthanded neutrinos and righthanded sterile neutrinos being absent. In 
this case, the neutrino mass term is necessarily of pure Majorana type. 
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As is well known, the popular see-saw mechanism [1] provides us with a gentle way 
of introducing small neutrino masses into the original Standard Model , where Dirac- 
type masses are zero due to the absence of righthanded neutrinos. In fact, the actual 
righthandcd neutrinos (of all three generations) get in this mechanism large (by assump- 
tion) Majorana-type masses and so, become practically decoupled from lefthanded neutri- 
nos that are allowed to carry only small Majorana-type masses. Such large righthanded 
Majorana masses are, on the other hand, related to an expected high energy scale at 
which lepton number violation ought to appear. 

In this note, we present a new, a priori possible mechanism, where the role played in 
the see-saw mechanism by righthanded neutrinos is taken over by hypothetic lefthanded 
sterile neutrinos free of any Standard Model charges. Thus, the new mechanism may 
be called lefthanded see-saw. In this case, both righthanded neutrinos and righthanded 

is) 

sterile neutrinos are conjectured to be absent, vr = Q and = 0, so that 

u^uL , y^'^ ^ (1) 

are active and sterile neutrinos, respectively (for all three neutrino generations). 
In the new situation, the neutrino mass term is of pure Majorana type 
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(in the case of one neutrino generation). In the case of three neutrino generations, 
real numbers m^^\ m^^^ and //*^^^ become 3x3 matrices m^/"\ fnSp and p,^^\ real and 
symmetric for simplicity, while neutrino fields vl and transit into the field columns 
vl = {veL , v^iL , i^Tif and = (u^'l , uj^l , i^l'lY . 

In Eq. (2), all four terms violate lepton number (AL = ±2), the terms proportional 
to n^^^ and m^^^ break electroweak symmetry, while the term proportional to m^J"^ is 
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electroweak gauge invariant. The terms //^^^ and m^^^ may be generated spontaneously 
by Higgs mechanism, the first — by the hnear Higgs couphng (of the Majorana type) : 



{hYHu^f - hH^vt^r] +h.c. , /x(^) = 



(4) 



and the second — by the familiar bilinear effective Higgs coupling (also of the Majorana 
type): 



1 



4M 



gHH 



{IlYtIl] ■ {H^iT2TH) +h.c. , m(^) = —gHH{H°)' (5) 



(see e.g. Ref. [2]). Here, {IlY = {IlVC-Ht2 and 
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with {ulY = Cul, {l-^'^ 



_ c;-^ and = i/+t = H' , = (i/^t = -H^iT2). In 
Eq. (5), M is a large mass scale probably related to the GUT scale, so that the inequality 
m^^'> <^ /x*^^-* is plausible. Note that the lefthanded sterile neutrino v'Y\ a Standard Model 
scalar, may be an SU(5) scalar. However, it cannot be an SU(IO) covariant (say, a scalar or 
a member of 16-plet), since the SU(IO) formula Y — 21^^ + S — L for weak hypercharge 
does not work in the case of v^l^ with L = 1 and S = (y = and /g^^ = imply 
B — L = 0). Thus, the existence of u^Y'' breaks dynamically the SU(IO) symmetry, unless 
gets B-L = {e.g. L = = B or L = 1 = B). 
After its diagonalization, the mass term (2) becomes 
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nijj 
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where 



T^i — T^M cos 9 — v^Yi sin , 
T^i — T^M sin 9 + v'^^ cos 9 



(8) 



with tan 6* = (m// — m^/"^) /m^Y"\ and 
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miTi = — — T 
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Assuming that 



< m^^^ < /x^-^) < ) , (10) 
we obtain the neutrino mass eigenstates 

H' (s) (sj P (s) 
J^I^J^M (ZT^V - , i^// ^ l^M (L)^M ^ (11) 

rris ml 
related to the neutrino masses 



mi ~ yjj , "mil ~ m^p . (12) 

ms 



Thus, \mi\ <^ mil, what practically decouples Uj^^ from i/^. Here, the minus sign at mi is 
evidently irrevelant for ui which, as a relativistic particle, is kinematically characterized 
by mj. 

New Eqs. (10) — (12) give us a purely lefthanded counterpart of the popular see-saw 
mechanism, where the assumption 

< m(^) < m(-°) < m(^) (13) 
implies the neutrino mass eigenstates 

I// ~ I/M = i^L + , l^II ^1^'m = '^R + {^rT (14) 

connected with the neutrino masses 
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mi ~ . , mil ^ rnSP ■ (15) 



m 



[R) 



In that case, the neutrino mass term has the form 




3 



So, from Eq. (15) jm/l <S mn, what leads to practically decoupling from i/l. But, 
while in Eq. (15) the magnitude of neutrino Dirac mass m^^^ may be compared with 
the mass of corresponding charged lepton, in Eq. (12) the magnitude of fx^^\ responsible 



for the coupling {l/2)ii'^^^ {^lY^l^ + ^{^l^Y + h.c, may be quite different (perhaps 
smaller) . 

In the general case of three neutrino generations, Eqs. (11) and (12) are replaced by 
Pic^UM = i^L + {PlY , Pii ^ = 4'^ + (17) 

and 

nil ^ -fi^^^ {rni^^y^ fi^^^ , rhn ^ rhf'^ (18) 

(compare e.g. Ref. [3]). Here, ul = {j^ai), = (t^ia), = ijniafY), etc. {a , (3 = 
e, fi , r). The Hermitian mass matrices mj and mn {rri^^\ m^/"^ and fl^^^ were taken 
real and symmetric for simplicity) can be diagonalized with the use of unitary matrices 
Ui — (Uiai) and Un — (Unai), respectively, giving the neutrino mass eigenstates 

a a 

yili = E(^i/). ^IIa = Y.Uhar^IIa (19) 
a a 

and the corresponding neutrino masses 



Sijmiii = Y{^n)i^^iio.f3{Uii) =J2UhaiUii0jmnaf3 (20) 

a/3 a/3 

{i, j = 1, 2, 3). In our case, Ujai and Unai sue real, while mia/3 — — J2^5 t^-^a-y {^i^^ ~'^)'ySf^s^ 
and miia/3 — 'ni'^p due to Eqs. (18). When deriving Eq. (19), we assume that in 
the original lepton Lagrangian the charged-lepton mass matrix is diagonal and so, its 
diagonalizing unitary matrix C/^'^ is trivially equal to the unit matrix. Then, the lepton 
counterpart of the Cabibbo-Kobayashi-Maskawa matrix V — IJ'^'^)'^IJ^^) becomes equal to 

c/wt = [/], thus = 



Prom Eqs. (17) and (19) we conclude for neutrino fields that 



ii ^ {'^IIa)L = T.UIIa^{lyII^)L ■ (21) 



Thus, the oscillation probabilities (on the energy shell) for active-neutrino states read (in 
the vacuum): 



P(i^a ^ 1^/3) = \{'yp\e'''''Wa)\' - S^f,-4j2U*f,^Uj^jUjfs^U;^^sm' (l.27 

i<j \ 
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where E — ^Jpf + mf ^ {i — 1, 2, 3). 

If the matrix m^^^ happens to be nearly diagonal and has nearly degenerate eigenvalues: 
T^faH - ^apmf^ , then 



mia(3 - - X! "'^(lT^ ' mnc,0 ~ So^prnf^ (23) 
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and Eqs. (20) give 



mii ^ , mm ^ , (24) 



ml 



where the eigenvalues //j^^ of p,^^^ — (/ji^^p) produced with the use of Ui: 

a/3 

In this case, {a — e , /i , t) are (approximate) neutrino heavy mass eigenstates de- 
coupled from j/ji {i = 1, 2, 3). 

Concluding, the lefthanded sec-saw, constructed in this note, implies both the small- 
ness of active-neutrino masses and decoupling of heavy passive neutrinos, similarly to 
the situation in the case of conventional see-saw. However, introducing as heavy passive 

(s) 

neutrinos the lefthanded sterile neutrinos u^l in place of the conventional righthanded 
neutrinos VaR (a = e , /x , r), the new see-saw mechanism, when spoiling the chiral left- 
right pattern of original Standard Model for neutrinos, does it in a way different from the 



conventional see-saw mechanism. Recall that in the lefthanded see-saw the righthanded 
neutrinos continue to be completely absent. 

Note finally that in the case of lefthanded see-saw the active and sterile neutrinos, 
as practically unmixed, cannot oscillate into each other. They could, if in place of the 
inequality (10) in Eq. (2) the relation 

I m(^) -mP |< /i(^) (26) 

were conjectured, leading to their nearly maximal mixing. This mechanism, however, 
would not imply automatically small neutrino masses, since then mijj ^ {l/2){m^^^ + 
m(^)) =F /i^-^^ from Eq. (9). . 

I am indebted to Stefan Pokorski for several helpful discussions. 
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